Most persons with rubella virus-specific immunoglobulin M (IgM)-or IgG-positive sera tested positive (98% [n ‫؍‬ 178] and 99% [n ‫؍‬ 221], respectively) using paired filter paper dried blood spot (DBS) samples, provided that DBS indeterminate results were called positive. For persons with IgM-or IgG-negative sera, 97% and 98%, respectively, were negative using DBS.
Most persons with rubella virus-specific immunoglobulin M (IgM)-or IgG-positive sera tested positive (98% [n ‫؍‬ 178] and 99% [n ‫؍‬ 221], respectively) using paired filter paper dried blood spot (DBS) samples, provided that DBS indeterminate results were called positive. For persons with IgM-or IgG-negative sera, 97% and 98%, respectively, were negative using DBS.
Simplification of specimen collection, storage, transport, and processing in the field would be a great advantage to rubella surveillance. Recent studies have suggested that filter paper dried blood spots (DBS) are suitable for laboratory detection of measles-specific immunoglobulin M (IgM) (2, 3, (6) (7) (8) . In this study, we compared the detection of rubella virus-specific IgM and IgG in DBS to their detection in serum samples collected from health care provider-diagnosed rubella patients.
The presence of rubella virus-specific IgM in serum according to enzyme immunoassay is diagnostic for rubella, and thus, results from sera were used as the standard. However, because most specimens were collected in the first week after rash onset, a time period when serum IgM and IgG enzyme immunoassays do not detect many rubella cases, we do not refer to serum samples as a "gold standard" (1, 9) . Health care workers at the local health care centers in five Regional Health Directorates in Peru enrolled persons 8 months or more in age seen within 28 days of rash and fever onset (clinically suspected rubella). Persons who were vacci- nated within 8 weeks of presentation, were pregnant, or had chronic illnesses were excluded. Healthy adult blood donors from a single blood donation center in Lima, Peru, were enrolled as controls. Ethics approval was obtained at the Ministry of Health in Peru and at the Centers for Disease Control and Prevention (CDC), and informed consent was obtained. The health care workers collected demographic information, serum samples via venipuncture using universal precautions, and two to three DBS via fingerstick (onto Schleicher & Schuell, Inc., grade 903 filter paper; Whatman Inc., Florham Park, NJ). Study personnel collected sera by venipuncture and DBS via fingerstick from the controls.
DBS were dried at room temperature for a minimum of 4 h, placed in a zip-closure bag with a desiccant pack and humidity indicator card, and transferred on wet ice to the district office and then to the Ministry of Health's National Reference Laboratory (NRL) for measles/rubella, where they were frozen at Ϫ20°C. Blood samples were sent to the NRL on wet ice and centrifuged, and aliquots of the resulting sera were either refrigerated (4°C) or frozen (Ϫ20°C) for 1 to 4 months. Sera and DBS were shipped on dry ice to the CDC, where they were stored at Ϫ70°C. The elution of antibodies from DBS was performed by using protocol number 6 described by Mercader and colleagues (5) . Sera and DBS eluates were tested for rubella virus-specific IgM and IgG using Dade Behring Enzygnost anti-rubella virus IgM and IgG enzyme immunoassays (Marburg, Germany) per the manufacturer's instructions, including definitions of positive, indeterminate, and negative results. There were insufficient DBS samples from some patients with indeterminate results to allow retesting as recommended by the manufacturer. Thus, DBS/serum comparisons used the initial results. Most calculations were performed using SAS9.10 and EpiInfo 2000 software. Correlation coefficients were calculated using Excel software.
IgM. The serum and DBS results for IgM are compared in Table 1 and Fig. 1a , while the indeterminate rates were 26%, 19%, 8%, 5%, and 7%, from days 1, 2, 3, 4 to 7, and 8 to 28, respectively, after rash onset (data not shown) (for the indeterminate rates in the first week after rash onset, the chi square test result for the trend was Ͻ0.001). For serum and DBS sample pairs from persons with suspected rubella, the concordance for IgM increased from 76% (146/192) in the first 3 days after rash onset to 88% (69/78) from days 4 to 28 after rash onset (P, 0.02; MantelHaenszel chi square test), when more persons would be expected to have IgM levels which had risen out of the indeterminate range.
There are many ways to adjust for the slightly lower optical density (OD) values from DBS relative to those of sera; the simplest that has been used is to include DBS indeterminate results with positive results (4). Doing this resulted in an increase in the ability to detect the presence of rubella virusspecific IgM in DBS compared with the ability to detect it in serum (relative sensitivity) from 82% (146/178) to 98% (174/ 178; P of Ͻ0.001 by Mantel-Haenszel chi square test) and an unchanged ability to detect the absence of rubella virus-specific IgM in DBS compared with the ability to detect the absence of it in serum (relative specificity) (155/159; 97%).
IgG. The serum and DBS results for IgG are compared in Table 1 and Fig. 1b . The IgG positivity rates of serum samples from persons with suspected rubella were 26% (10/38), 28% (22/80), 49% (36/74), 73% (47/64), and 86% (12/14), while the indeterminate rates were 18%, 26%, 11%, 5%, and 0%, on days 1, 2, 3, 4 to 7, and 8 to 28, respectively, after rash onset (data not shown) (for the indeterminate rates in the first week after rash onset, the chi square test result for the trend was Ͻ0.01). The concordance for IgG increased from 78% (149/ 192) in the first 3 days after rash onset to 90% (70/78) from days 4 to 28 after rash onset (P, 0.02; Mantel-Haenszel chi square test). For the 221 persons with IgG-positive serum results (persons with suspected rubella and healthy blood donors), 196 (89%) of their corresponding DBS samples were IgG positive. Similar to the IgM results, the ability to detect the presence of rubella virus-specific IgG in DBS increased from 89% (196/221) to 99% (218/221; P of Ͻ0.001 by Mantel-Haenszel chi square test) when indeterminate and positive results from DBS were combined, while the ability to detect the absence of rubella virus-specific IgG in DBS compared with the ability to detect the absence of it in serum remained unchanged at 98% (112/114).
Using the method of Karapanagiotidis and colleagues (4), we were able to obtain good correlation between sera and DBS results using the OD cutoff values established for serum samples with the simple adjustment of including DBS indeterminate results with positive results. This simple adjustment is only one means of dealing with the slightly lower ODs from DBS specimens; others include only using DBS after the first 3 to 5 days of rash onset when positivity rates are higher; adjustment of ODs from DBS; and performing no adjustment at all, since detecting 82% of persons with IgM-positive sera (146/178; Table 1 ) would be adequate in many circumstances.
The World Health Organization still considers serum samples and virus detection to be the "gold standard" for laboratory confirmation of cases (10) . Nevertheless, the present study suggests that the use of DBS, collected in field conditions such as were found here, by properly trained personnel (3; D. Featherstone, personal communication), is an acceptable alternative to detect rubella virus-specific IgM and IgG in settings where it is not feasible to collect and test serum samples.
